Abstract -Chromosome studies and in situ estimation of 4C nuclear DNA content were carried out on dioecious Coccinia indica and Trichosanthes dioica to understand the differential condensation of mitotic chromosome in relation to sex. The somatic chromosome number for each sex form of C. indica and T. dioica was found to be 2n = 24 and 22 respectively. The karyotypes of the sex forms of both species show high homogeneity, though a distinct hetermorphic pair of sex chromosomes is found in male plants of C. indica. Interrelationship between the 4C nuclear content and the chromosome length has been explained in terms of average packing ratio.The data suggests that average packing ratio is a determinant of distinction between two sexes and therefore could be used as a parameter for analyzing the karyotypes of dioecious plants.
INTRODUCTION
Most of the flowering plants are bisexual having flowers with both male and female reproductive organs and only less than 4% plant species are dioecious in nature (GUTTMAN and CHARLESWORTH 1998) . Some dioecious plant species have distinct X and Y chromosomes and in some species no chromosomal distinction has been recorded in relation to sex (GRANT et al. 1994; ROY et al. 1966; WESTER-GAARD 1958) . Coccina indica Wight and Arn. and Trichosanthes dioica Roxb. are the two dioecious vegetatively propagated species of cucurbitaceae which shows widespread distribution in the tropical and sub-tropical regions of the world (CHAKRAVARTY 1959) .Earlier workers have found that a series of polyploidy (= 24, 36, 48) exists in C. indica with distinct heteromorphic pair of sex chromosomes (CHAKRABORTY 1948; D'CRUZ et al. 1972; ROY and ROY 1971; SEN and DATTA 1977) in which Y chromosome plays a decisive role in the differentiation of the male sex (KUMAR and VISHVESWARAIAH 1952) . Dioecism also exists in T. dioica and there is a record of polyploid series from diploid to tetraploid with a basic number of n = 11 chromosomes (BHADURI and BOSE 1947) . Inter-specific and intra-specific variation and constancy in the amount of nuclear DNA content of flowering plants have been reported by several authors (Bennett, 1985; BENNETT and SMITH 1976; MUKHERJEE and SHARMA 1986; PRICE 1976; RIANA and REES 1983; SINHA et al. 1997) . Data on nuclear DNA content was meagre in the sex forms of C. indica and T. dioica (Chattopadhyay & Sharma, 1991) and so far, no comparative analysis of the karyotype in relation to DNA content was done in these plants. The overall compaction of DNA molecules into the somatic chromosome complements described as average packing ratio could be estimated (SIN-HA et al. 1996) to find out the measure of condensation at mitotic metaphase of the sex forms of each taxon. The present work deals with chromosome studies and 4C nuclear DNA content of the sex forms of C. indica and T. dioica. The differential rate of average packing ratio (APR) in relation to sex has been analyzed as well.
MATERIALS AND METHODS
Tuberous roots of the sex forms of C. indica and T. dioica, collected from west Tripura were planted in the experimental garden of the Department of Life Sciences, Tripura University. To analyse the somatic chromosomes root tips were pre-treated in saturated solution of paradichloro benzene for 4 hr at 10 o -15 o C followed by overnight fixation in 1:3 acetic acid-ethanol mixture. The root tips were stained overnight in 2% aceto-orcein after hydrolysis in 5N HCl at 10 o C for 15 min. Somatic chromosome number and total chromosome length were determined from 5 well spread metaphase plates. For estimation of 4C nuclear DNA content young root tips were fixed in acetic acid-ethanol mixture 1:3, hydrolysed in 1N HCl for 15 min at 60 o C, washed with distilled water and stained with Feulgen solution for 1-2 hr followed by squashing in 45% acetic acid. Cytophotometric analysis was done using a Leitz Wetzlar Aristophot with microspectrometer and the single wave length method was followed (SHARMA and SHARMA 1980) . Estimations were done on10 metaphase plates per root tip and 5 root tips for each sample were used. The relative arbitrary units of absorbance were converted to picograms (pgs) using 4C nuclear value for Allium cepa L. as a standard ( VAN'T HOF 1965) . Average packing ratio of DNA was calculated by the following formula (SINHA et al. 1996) .
RESULTS
In the present investigation the somatic chromosome number for each sex form of C. indica and T. dioica was found to be 2n = 24 and 22 respectively (Figs.1a, b; 2a, b) . 4C nuclear DNA content of the sex forms of C. indica showed marked variation and the amount was 10.17 + 0.24 pgs and 8.37 + 0.14 pgs in male and female plant respectively. However, no significant variation was recorded in T. dioica as the amount of 4C nuclear DNA of male and female plant is 11.05 + 0.14pgs and 10.87 + 0.11pgs respectively. The average packing ratio of the sex forms of two dioecious species was calculated and it was noted that the ratio was comparatively high in the male plant of each species (Table 1) .
DISCUSSION
Somatic chromosome number 2n = 24 was found to be constant in the male and female plants of C. indica as was reported by earlier researchers (BHADURI and BOSE 1947; CHA-KRABORTY 1948; KUMAR and VISHVESWARAIAH 1952; ROY and ROY 1971) . In both sexes there were 11 pairs of metacentric and one pair of sub-metacentric chromosome having secondary constriction. The present cytological investigation also revealed the presence of a distinct heteromorphic pair of sex chromosome in male plants. Diploid males are, therefore, heterogametic with 22 + XY and the females are homogametic with 22 + XX.
The male determining Y chromosome is conspicuously large, nearly metacentric and does not bear secondary constriction as reported by SINGH (1988) . Detailed karyological studies suggest that apart from the sex chro-4C DNA content/cell (pgs) x 0.965 x 10 9 x 3.4 (µm) APR = 2 x Total chromosome length at metaphase/cell x 10 4 (µm) mosomes, the karyotypes of male and female plants exhibit similarity in the types of chromosome present, TF% and the number of chromosomes with secondary constriction. The somatic chromosome number of the sex forms of T. dioica was found to be 2n = 22 with one pair of chromosomes bearing secondary constriction. Diploid males are homogametic which negates the possibility of XY mechanism in relation to sex. There were ten pairs of metacentric and one pair of sub-metacentric chromosomes in each of them. The distinction between sexes of T. dioica cannot be resolved at chromosome level since the karyotype of male and female plants shows gross similarity in the types of chromosome with secondary constriction, chromosome arm symmetry index, TF % and total chromosome length.
The 4C nuclear DNA content of male and female plants of C. indica shows a marked variation and the increase in amount of DNA is associated with the corresponding increase in chromosome length. On the other hand, the 4C DNA content in relation to sex does not differ much in T. dioica and the apparent increase in chromosome length is not associated with the corresponding increase in amount of DNA. Therefore, in one dioecious taxon C. indica where XY mechanism is involved with sex expression there is a positive linear relationship between the amount of DNA and the total chromosome length. But, in T. dioica where the expression is thought to be under genic control no such positive linear relationship could be established between the amount of the DNA and the total chromosome length. This paradoxical situation can be explained by the fact that in C. indica the maleness determining Y chromosome is conspicuously large and is nearly 3-4 times larger than majority of the chromosomes present in somatic chromosome complement of the female plant. Though, in most of the works (CHAT- TOPADHYAY and SHARMA 1990; RAMCHANDRAN and NARAYAN 1985) attempts have been made to find out the co-relation between the 4C DNA content and the total chromosome volume, in the present analysis the dimension of chromo- some is taken as unit "length" instead of chromosome volume because it signifies the rate of overall compaction of DNA molecules (Lewin, 1994) . Utilising this principle it has been noted that the APR of mitotic chromosome of male and female plants significantly (P< 0.005) differs and the ratio is comparatively high in male sex forms. This suggests that a differential condensation is involved with the organisation of the mitotic chromosome in relation to sex. Thus the relationship between the amount of DNA and the total chromosome length in presence or absence of any direct association can be explained in terms of average packing ratio. The data also suggests that in dioecious species like T. dioica, even in the absence of chromosome mediated (XY) sex expression, the karyotypes of male and female plants can easily be distinguished using average packing ratio as a parameter.
